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on behalf of the Fermi/LAT Collaboration
The Fermi observatory, with its Gamma-Ray Bursts monitor (GBM) and Large Area Telescope (LAT), is
observing Gamma-ray Bursts with unprecedented spectral coverage and sensitivity, from ∼ 10 keV to > 300
GeV. In the first 3 years of the mission it observed emission above 100 MeV from 35 GRBs, an order of
magnitude gain with respect to previous observations in this energy range. In this paper we review the main
results obtained on such sample, highlighting also the relationships with the low-energy features (as measured by
the GBM), and with measurements from observatories at other wavelengths. We also briefly discuss prospects
for detection of GRBs by future Very-High Energy observatories such as HAWC and CTA, and by Gravitational
Wave experiments.
1. The Fermi observatory
Fermi was launched on June 2008. It features two
instruments: the Gamma-ray Burst Monitor (GBM)
[Meegan et al. 2009], a full sky monitor comprised of
12 sodium iodide (NaI) detectors and two bismuth ger-
manate (BGO) detectors, sensitive respectively in the
8 keV - 1 MeV and 150 keV - 40 MeV energy range;
and the Large Area Telescope (LAT) [Atwood et al.
2009], a pair production γ–ray telescope sensitive from
20 MeV to > 300 GeV. When compared to its precur-
sor (the EGRET experiment onboard the Compton
Gamma-Ray Observatory) the LAT features a larger
field of view (2.4 sr at 1 GeV), a broader energy range,
a lower dead time per event (27 µs) and a much larger
(10x) effective area at all energy. As we will illustrate
in the next section, this results in a much larger num-
ber of detections (∼ 9 GRBs/year) with respect to
EGRET (5 GRBs in 10 years).
2. The Fermi/LAT GRB catalog
The first Fermi/LAT GRB catalog
[Fermi-LAT Collaboration 2013] covers 3 years
of observation, from August 2008 to July 2011. In
such time period Fermi/GBM detected ∼ 750 GRBs,
with around half of them contained in the LAT field of
view. We used two detection algorithms: a standard
likelihood algorithm, providing both detection and
localization with < 1 deg accuracy, using Pass 6 v3
Transient events above 100 MeV; and a counting
analysis using the LAT Low Energy (LLE) class of
data, featuring a large effective area starting at ∼20
MeV but no localization capability. With the former
analysis we detected and localized 28 GRBs, while
using the latter analysis we detected 7 more bursts,
for a total of 35 GRBs.
2.1. High-energy emission
While the number of GRB detected at high-energy
by Fermi/LAT is a small fraction of the total number
of GRBs in the field of view, this sample allows us
to uncover unique features of GRBs emerging only at
high energies which we will summarize in the following
sections.
2.1.1. Energetics
Since LAT observations are photon-limited rather
than background limited, the detection efficiency is
directly related to the counts fluence of the source.
This is an important difference with respect to
Fermi/GBM, which is background limited and for
which the peak flux of the source is more relevant.
Of course, the low-energy fluence is highly correlated
with the high-energy fluence. The fact that the LAT
detects preferentially GRBs with a high low-energy
fluence (see left panel in Fig. 1) is therefore not sur-
prising. As shown in the right panel in Fig. 1, the
typical ratio between the high-energy fluence (above
100 MeV) and the low energy fluence (10 keV - 1
MeV) is ∼ 0.1. It is interesting to note that there
are four hyper-energetic bursts for which the ratio ex-
ceed greatly the typical value, being closer or even
above 1. These are GRB 080916C, 090510, 090902B
and 090926A. The same conclusion can be reached
taking the ratio of the rest frame total energy Eiso in
the two energy bands, which demonstrates that this
is not an effect of the distance of these bursts, which
are distributed between redshift 0.9 and 4.35.
2.1.2. Delayed and temporally extended emission
The emission above 100 MeV is systematically de-
layed with respect to the low-energy emission. This
can be seen in the left panel of Fig. 2, where we used
T05 as a measure of the onset of the emission for both
the 10-300 keV energy range (from Goldstein et al.
[2012]) and the 100 MeV - 10 GeV energy range: it is
clear that the latter is sistematically larger than the
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Figure 1: Left panel: distribution of the low-energy fluence (10 keV - 1 MeV) for LAT detected GRBs (yellow),
compared with the whole sample of GBM-detected GRBs [Goldstein et al. 2012]. Right panel: high-energy fluence Vs
low-energy fluence as observed by respectively LAT and GBM, for LAT-detected GRBs.
former. Also, the duration of the high-energy emis-
sion appears to be sistematically longer, and features
a smooth decaying phase after the end of the low-
energy prompt emission. Such decaying phase is well
described by a power law in all but three cases, for
which we found that a broken power law describes
better the data, as shown in the right panel of Fig. 2.
The significance of the breaks correspond to a chance
probability of less than 10−5. Note that the time of
the break is in all three cases after the end of the low-
energy emission, as measured by T90. If we define a
late time decay index αL as the index of the power
law for the light curves well described by a simple
power law, and the index after the break for the three
GRBs described by a broken power law, we find that
αL ∼ −1. This value is foreseen by the standard after-
glow model for an adiabatic expansion of the fireball,
while a radiative expansion would foreseen a decay
with an index of 10/7, which is not observed in our
data.
2.1.3. High-energy photons
The LAT has observed photons up to 30 GeV com-
ing from bright GRBs, which in the case of high-
redshift GRBs can become more than 100 GeV in the
rest frame of the progenitor of the burst. This result
poses a big challenge for the efficiency of the particle
acceleration mechanisms, especially when considering
the fact that some of this high-energy events have
been detected within seconds since the start of the
low-energy emission. In the context of the standard
Fireball model [Piran 1999] the presence of such high-
energy photons constrains also the bulk Lorentz factor
of the emitting shells to be Γ > 1000 in some cases,
a value much higher than what previously thought.
High energy photons from high redshift GRBs allow
also to constrain the opacity of the Universe connected
with the interaction of the > 10 GeV γ–rays with opti-
cal and UV photons of the Extragalactic Background
Light (EBL). In the case of the short GRB 090510,
the short time delay observed between low and high-
energy events can be used to place tight limits on the
energy dependence of the speed of light, which is pos-
tulated for example by some quantum gravity theo-
ries.
2.2. Broadband spectroscopy
Fermi is an exceptional observatory for GRB spec-
troscopy. In particular, it has unprecedented spec-
tral coverage, starting around 10 keV up to 300 GeV.
We exploited this feature by performing a broad band
spectral analysis of all the GRBs contained in the sam-
ple.
2.2.1. Band model crisis
Before Fermi most of the GRB spectra were
well described by the phenomenological Band model
[Band et al. 1993], which has become the de-facto
standard model. The spectra of all of the brightest
bursts inside the LAT FoV present, on the contrary,
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Figure 2: Left panel: the onset of the high-energy emission (y-axis), as measured by T05, appears to be sistematically
delayed with respect to the low-energy onset (x-axis). The green line corresponds to x=y. Right panel: Luminosity as
function of rest frame time for the three GRBs for which a broken power law (dashed lines) is a significantly better fit
than a simple power law decay.
signicant deviations from a Band function, requir-
ing additional components such as power laws, high-
energy cutoffs, or both. Other GRBs, observed at low
off-axis angles, and with a corresponding high eective
area, show deviations as well. We conclude that the
phenomenological Band model seems to be not suf-
ficient to describe all the spectral features of LAT
GRBs. Unfortunately, there is no common recipe,
and different components can be required depend-
ing on the particular event. This calls for a better
broad band modeling of the spectra of GRBs, opening
new questions and prompting new theoretical devel-
opments.
3. The afterglow of LAT-detected GRBs
A subsample of LAT-detected GRBs have been
studied at other wavelengths, in particular during
their afterglow emission. A systematic study pub-
lished by [Racusin et al. 2011] shown that in many
ways the properties of the afterglow of LAT bursts are
typical of the general afterglow population, but the
ratio between the luminosity of the prompt emission
and the luminosity of the afterglow is larger. There-
fore, either their prompt emission is more efcient in
producing γ-rays, or, conversely, their afterglows are
somehow soppressed. In two cases, GRB 090510 and
GRB 110731, Swift and other instruments observed
the afterglow when the high-energy extended emission
was still detectable by the LAT. A broadband study,
from optical wavelengths to γ-rays, showed that the
emission is compatible with being from external shock
[De Pasquale et al. 2010, Ackermann et al. 2013]. In
one other case, GRB 100728A, high-energy emission
was detected by the LAT only in correspondence with
an X–ray flare, which was successfully modeled from
X–ray to γ-ray energies as internal shocks emission
[Abdo et al. 2011].
4. Multi-messenger observations, and
synergies with other observatories
Swift is routinely observing GRBs localized by
Fermi/LAT. Upon X-ray detection, the position is im-
proved from a typical error of 0.3 deg to sub-arcmin
errors, which consequently allows for measurement at
other wavelengths (optical, IR...) and the measure-
ment of the redshift for 1/4 of the LAT sample. As
illustrated in the previous section, such observations
can also be used to determine the origin of the ex-
tended emission observed by the LAT. In the near fu-
ture, with the advent of new Very High-Energy (VHE)
observatories such as HAWC and CTA, the energy
coverage will be extended even more. The LAT large
field of view, the presence of extra power-law com-
ponents and very high-energy events, united with the
large effective area of the new observatories will give
good opportunities for a detection of GRBs with VHE
observatories [Abeysekara et al. 2012, Kakuwa et al.
2012]. There are already a few examples of joint LAT-
VHE observations, but no detections.
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4.1. Gravitational waves
Close-by short GRBs are thought to originate from
the merger of two compact objects, such as Neu-
tron Starts and Black Holes. Therefore, they are
good candidates for the emission of detectable gravi-
tational wave (GW) signals. The high effective area,
duty cicle and detection efficiency of Fermi/GBM,
united with the localizing power of Fermi/LAT, will
be key elements in successfully detecting a GW sig-
nal from a short GRBs. Detectors currently in de-
velopment, such as a-LIGO and advanced -VIRGO,
will be in the position of detecting such a sig-
nal in the very near future [Abadie et al. 2012,
LIGO Scientific Collaboration et al. 2013].
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